Reliably accu rate imaging of the brain stem and ce rvicomedullary jun ction has now become availab le using high-resolution computed tomographi c (CT) scanning following intrathecal adm ini stration of metrizamide [1 -6] . The demonstration of surface features of the brain stem such as the ventral fissure , ventrolateral su lcus, pyramids , and olivary protuberance has become commonplace; suc h details have not been routinely demonstrable in the past.
Many authors [1, 2] have already emphasized the value of metrizamide CT cisternography and its superiority to both angiography and pneumoencephalography. These latter procedures rely on subtle displacement of vesse ls or distortion of the air-fill ed fourth ventricle and posterior fossa cisterns. Compared with air, metrizamide spreads much more readily in th e entire subarac hnoid space without the problem of meniscus formation or " air lock. " CT permits the se paration of the various collections of contrast agent and avoid s th e supe rimpo sitio n of features encountered in nontomographic co ntrast studies.
Improved visualization of the details of the brain stem by metrizamid e CT has allowed the detection of subtle morphologic changes in the brain ste m and subarachno id space not previous ly appreciated . Di stortion of th e brain stem by tortuous vessels, focal atroph ic changes, and early c hang es of mass les ions are good examples of the value of this method. A detail ed famili arity with the norm al anatomy of the brain stem, ce rebellum , and fourth ve ntri c le on CT c istern ograp hy is essential in order to fully utilize th e diagnostic capab ility of metrizamide CT .
Materials and Methods
From those patients who had a metrizamide CT c isternogram at th e New Yo rk Neurological Institute in an 18 month period for a varie ty of indications, we analyze the morph ology of th e brain stem in 30 who had no c linica l signs or symptoms of brain stem in vo lvement.
Metrizamide was introduced in th e subarachnoid space through a lum bar puncture or more often through a C1-C2 pun cture, wh ic h allowed us to use a lesser amount o f co ntrast medium . Th e average amount used was 8 ml of co ntrast material at 170 mg / ml, excep t in c hild ren. Th e use of metrizamid e in c hildren is not recommend ed by th e manufacturer, however, in our experien ce, th e diag nosti c va lu e o f this method may outwe igh th e potential ri sks of th e con trast agent in difficu lt cases . Scanning was performed in th e supine position in the hour after injection. All pati ents were scanned on an 0450 Pfi zer high-reSOlu tion scanner using primary reconstru c ti on of an area of interest measuring abou t 10 c m in diameter on a 512 x 5 12 matri x. Th e usual sli ce thickness was 5 mm , bu t we often used thinn er sli ces of 2 -4 mm ; th e average in c rement between two co nsecuti ve slices was 5 mm . Th e angle of sec ti on was th at used for th e standard examin ati on o f th e brain , about 10°-15° inclinati on above th e ca nthomeatallin e. Th e anatomi c d escripti on in thi s work refers to charac teristi c sec ti ons most comm onl y enco untered . Often, however , because of difference in skull co nfig urati on or degree of angul ati on, th e p lane of section is not precisely reproduced , and one may obtain an image co mbining th e anteri or aspec t of on e standard level of th e brain stem with th e posterior aspect of an adjacent one. Th e description of coron al secti ons will be th e subjec t of a future report .
Results: Normal Brain Stem and Surrounding Spaces
We subdivide the brain stem into th e following nin e di stin ct and recog nizabl e levels ( fig. 1 This extends from the first ce rvi cal roots, whi c h are usually slightly below th e foramen magnum , to the obex. In cross section, the closed medulla has a pear-shaped appearance with a narrow ventral surface featuring a short, often oblique, med ian fissure and a broader, dorsal surface with a less pronounced dorsal median fissure . Anteriorly , on either side of the ventral fissure are two eminences that correspond to the pyramids of the medulla (largely formed by the corticospinal tracts). The ventrolateral sulcus is a very shallow groove posterior and lateral to the pyramidal eminence . The vertebral arteries usually lie close to this ventrolateral sulcus. The lateral and posterior medullary segments of the posterior inferior ce rebellar artery are often seen lateral and posterior to the medulla within the medullary cistern . The hypoglossal and accessory nerves arise respectively from the ventrolateral sulcus and the lateral surface of the medulla, but they are very rarely seen on metrizamide CT scanning. a normal variant as it does not co rrelate with any und erlying pathology .
On several occasions , we have found an axial rotation of the medulla in a well positioned scan; we consider this to be
Tran sitional Medulla (fig. 3)
Starting at the obex , th e posteri or aspect of the med ull a is cleft by a narrow midline groove th at co rrespo nd s to the most caudal part of the fourth ventricl e and gives to th e medulla the posteriorly open appearance on cross section . The obex is the point of transition from the c losed med ull a to what we choose to call th e open medulla. Th e lower, open med ulla is a short segment , only a few millimeters thick , extending from the obex to the upper margin of the foramen M age ndi e. The latter foramen is sometimes see n in the midlin e bounded on both sides by a thin membran e that com prises the ependyma and the choroid . Lateral to th is membrane are the em in ences of the gracile and c un eate nuc lei. Anteri orly , the cross section at this level feature s th e olivary em in ence , whi ch is lateral to the pyramid and corresponds to a large underlying cellular structure called the inferior olivary nucleus . The anterior surface c haracteristics of the med ull a are better discussed on the following higher section wh ere the olivary nucl eus is somewhat more prominent.
. Open M edulla (fig . 4)
Above th e foramen of Mag endie, the medulla (which is now open posteriorly) has, on c ross section, a characteristic laterally biconcave appearance due to the shallow postolivary sulcus. Whil e th e closed medulla has only one anterior protuberance (medullary pyram id) on either side of the A ventral fissure, the open medull a has two: the medullary pyramid medially and the olivary eminence laterally . The preolivary sulcus separates the olivary eminence from the pyramid. Lateral to the olive is the shallow postolivary sulc us, which gives to the open medulla its laterally biconcave symmetry. The dorsal aspect of the medulla is now formed by the floor of the fourth ventricle where one can sometimes recognize the eminences of the nuclei of the twelfth, tenth , and eighth nerves located on either side of the median sulcus in this order from medial to lateral. The roof of the fourth ventricle is formed by the inferior medullary velum , which can be identified on CT. These fine structures are almost impossible to visualize with any other im agi ng method . Figure 5 shows the details in the floor of the fourth ventricle as well as the surface features of the anterior part of the open medulla. In this segment of the medulla , the twelfth nerve arises from the anterolateral sulcus while the ninth and tenth nerves arise posterolateral to the olivary eminence. These nerves are, however, very small and rarely seen radiographically . Only the twelfth nerve has been demonstrated in its cisternal course on rare occasions. The nodulus of the cerebellar vermis, surrounded with metrizamide, lies in the midline behind the inferior medullary velum and between the cerebellar tonsils .
Asymmetric flattening of the medullary pyramid and olivary protuberance are often observed as a result of an adjacent tortuous vertebral or basilar artery ( fig. 6 ). While a A mild asymmetry is very common and may eve n be the rule, a pronounced deformity can be associated with symptoms referable to this part of the medulla, as is discussed in part II (in this issue). (fig . 7) The tomographic cross section at this leve l has a c haracteristic mushroom-like appearance with the most caud al edge of the basis pontis forming a round anterior mass with a shallow midline groove for the basilar artery. This shallow groove is quite different in appearance from the deeper ventral fissure seen on the lower section. The overhanging edge correspond s to the lowest part of the middle cerebellar peduncles; th ese are separated from the medull a by the pontomedullary sulcus. Th e inferior cerebellar peduncles (restiform bodies) that connect the medulla to the cerebellum appear as a posteriorly diverging biped structure in continuity with the floor of th e fourth ventricle . At this level, th e lateral recess of the fourth ventricle makes a characteristi c obtuse ang le with the body of the fourth ventricle; it extends anterolaterally and opens into the cerebe llopontine angle cistern through the foramen of Luschka posterior and lateral to the inferior cerebellar peduncle. The seventh and eigth nerves ari se from the brain stem at this level and are often seen bounded anteromedially by the lateral recess of the fourth ventricle and posterolaterally by the brachium of the flocc ulus. The latter two nerves may be seen in their A B entire course from the brain stem to the porus acousticus (fig . 8) ; as a rule , however, the internal auditory canal is better seen on the next higher section. (fig . 9) The low pons extends from the medullary-pontine junction upward to a level below and not including the origin of the fifth nerve. This part of the pons, largely formed by the pyramidal tracts and the pontine nuclei, is connected to the cerebellum by the middle cerebellar peduncle or brachium pontis. The ce rebellar peduncles at this level are clearly demonstrated without the difficulty of the partial volume effect seen on the lower section . The pons shows a shallow anterior midline groove for the basilar artery , which may be tortuous and often lies on one side or the other of the midline. The space between the brachium pontis and the petrous bone constitutes the cerebellopontine angle cistern, which extends posteriorly and laterally from the pontine cistern. It is limited posterolaterally by the flocculus , which projects into the cistern. The internal auditory canal is visualized and can be clearly demonstrated with contrast medium extending into the canal if the sections are 3 mm thick or less and if they are taken at every millimeter. On this section, the anterior cerebellar artery is often seen in the cerebellopontine angle cistern , and its relation to the eighth nerve can often be demonstrated . It should be noted that while the eighth nerve emerges from the brain stem at the somewhat lower level of the medullary-pontine junction , its peripheral segment may be seen entering the internal auditory canal on this section.
Medullary-Pontin e Junction

Low Pons
At the level of the lower pons , the two posterior recesses of the fourth ventricle can be demonstrated. The floor of the fourth ventricle may show the median sulcus with the medial eminence on either side (best demonstrated in fig . 5C of CT OF NORMAL BRAIN STEM 7 part II). Both features are important aspects of the anatomy of the floor of the fourth ventricle. The obliteration of these features is often the earliest indication of a swelling or mass in the brain stem, but incomplete filling of the floor of the fourth ventricle with metrizamide, due to the layering of the contrast agent, may leave a space (filled with partially opacified spinal fluid) that is indistinguishable from the rest of the brain stem, thus rendering the precise evaluation of the fourth ventricle difficult when CT is performed in the supine position. If partial filling is suspected, the scan may be repeated immediately after the patient has shaken his head or turned his face down briefly. If the patient is being evaluated for a mild swelling of the brain stem, the demonstration of the median sulcus in the floor of the fourth ventricle is crucial.
In the evaluation of the cerebellopontine angle with metrizamide for angle tumors, care should be exercised not to confuse the flocculus with a neoplasm . Overlapping thin slices no thicker than 3 mm should be used for the proper evaluation of the internal auditory canal and definition of the flocculus as it joins ~he cerebellar hemisphere posterolateral to the eighth nerve. (fig. 10) The mid pons represents the middle th ird of the pons, and is distinguished primarily by the easily recognizable origin of the trigeminal nerves. From the lateral aspect of the pons, and near the origin of the brachium pontis, the large trigeminal nerve crosses the cerebellopontine angle cistern heading toward Meckel cave. The cerebellopontine angle cistern does not, as a rule, extend posterolaterally as far as at the lower levels. A thin film of metrizamide may extend , on the posterior surface of the petrous bone, laterally beyond the flocculus to outline the surface of the sigmoid sinus . The fourth ventricl e is a fairly symmetric structure in th e midline of the posterior fossa; while some asymm etry in th e sizes of its two halves can often be seen, it is one of the most sensitive indicators of displacement of th e midline structures in the evaluation of the posterior fossa [7 -9] . Th e dorsal aspect of the fourth ventricle is usually indented by the nodulus of the vermis and the fastigial nucl eus.
Mid Pons
The pontine and cerebellopontine angle cistern s contain a large number of vascular structures such as the basilar artery and its branches ; these are usually tortuous and wavy compared with the course of the fifth nerve, whi ch run s anteriorly and superiorly from th e lateral aspec t of th e pons. 
Th e Isthmus (fig . 11)
Thi s is th e transition between the pons and the midbrain . It is only a few millimeters thick. The brain stem at this level is alm ost entirely surrounded by metrizamide. The continuity of th e peri mese ncep halic cistern at this level is interrupted by th e superior cerebe llar ped uncles (brachium conjunctivum) and the upper end of the fourth ventricle . Ventrally, th e isthmu s has th e shallow basilar groove that characterizes the lower two levels of the pons. The section typically passes above the origin of the fifth nerve, whi ch, at this level, has already entered Meckel cave. The upper end of th e fourth ventricle is bounded on both sides by the superior A cerebell ar ped uncles and posteriorly by the superior medullary velum . Its roof is usually flat at this level, but the floor of th e fourth ventricle is indented by the median sulcus. This feature again is quite helpful in detecting or describing mild swelling of the brain stem. The CT section at this level usu ally passes above the petro us bone, and, while the central features are those of the cerebellum, the more anterior and lateral metrizamide-containing sulci are supratentorial. Anterior to the pons , the upper end of the basilar artery is usually recognizable , and some of its branches (e.g ., the superior cerebellar artery) may be seen. The dorsum sella is anterior to the basilar artery , and occasionally one can see, on either or both sides of the dorsum, Meckel cave filled with metrizamide. Within the sella turcica, one can recognize the pituitary stalk surrounded by a small amount of metrizamide that may have passed through the diaphragma sellae; this amount increases in the case of an empty sella. (fig. 12) This is the level of the inferior coll iculus. The midbrain is completely surrounded by metrizamide; the collicular plate is posterior, and the lower end of the cerebral peduncles is anterior. Occasionally, the lower part of the interpeduncular fossa may be seen as a result of a partial volume effect. The A B cross section shows the lateral mese ncephalic su lcus, on the lateral aspect of midbrain, at the junction of the ce rebral peduncle with the re st of the midbrai n; often a vascular structure may be id entifi ed at this point. Th e fourth crani al nerve arises from the posterior aspect of the midbrain at thi s level , but we have not been ab le to identify it with certainty. The pontine and perimesencephalic cisterns contain the basilar artery ventrally and branches of th e superior cerebellar artery and veins on both sid es of the midbrain . These vessels are readily recognized by their characteristic wavy appearance. Posterior to the colli cu lar plate is th e quadriqeminal plate cistern, which is bounded posteriorly by th e central lobule of the vermis. The cerebe ll ar foli a ca n be id en tifi ed in the central region of the section. The change from the metrizamide-filled transverse parallel cerebe ll ar foli ae to the sulci on the inferior surface of the temporal lobes represents the boundary of the tentorial incisura. The cerebra l aqueduct, when filled with contrast material , is see n as a small slit just anterior to the collicular plate.
Lower Mesencephalon
Th e Upper M esencephalon (fig. 13)
This plane usually passes through the superior quadrigeminal plate posteriorly and delineates the deep interpeduncular fossa anteriorly. On the lateral aspect of the midbrain, the lateral mesencephalic su lcus indicates the posterior boundary of the cerebral peduncle. The oculomotor nerve arises from the medial aspect of the cerebral peduncle and crosses the interped uncular fossa in an almost horizontal course lateral to the posterior communicating artery. Anterior to the interpeduncular fossa, the basilar artery divides into the two posterior ce rebral arteries. More anterior is th e suprase ll ar cistern, which may show the two mamillary bodies and the infundibulum of the third ventricle coursing inferiorly to form the pituitary stalk. Anterior to the infundibulum, the optic chiasm and tract are usually seen ( fig. 14) . In the peri mesencephal ic cistern, branches of the posterior cerebral artery and the basal vei n of Rosenthal may be detected. Small veins like the posterior mesencephalic vein and the lateral mesencephalic veins are rarely discerned. The upper end of the vermis and the cerebellar folia can still be demonstrated at this level , posterior to the quadrigeminal plate cistern, in a small triangular c istern .
Summary
In su mm ary , the anatom ic details of the brain stem are exquisitely demonstrated with metrizamide CT. The obex is the zone of transition from the c losed medulla, which has a conical pear-shaped appearance to the quadriconcave open medulla. The pyramids and inferior olivary nuclei characterize the anterior surface of the open medulla, whereas the median su lcus and the cranial nerve nuclei constitute the floor of the fourth ventricle at the same level. The mushroomlike appearance of the pontomedullary junction is easily reproducible with the restiform bodies forming the posteriorly diverging biped. The seventh and eighth nerves are usually seen at this level or on the adjacent higher section of the low pons. The brachia pontis are well delineated in almost their entire length at the level of the low pons as they bound the fourth ventricle laterally . The trigeminal nerves are seen at the level of the mid pons, which is a few millimeters lower than the isthmus. The latter constitutes the junction of the pons with the mesencephalon. The colliculi divide the midbrain into two levels of axial cross section: the inferior collicu lar level, which mayor may not show the trochlear nerve , and the superior coll icu lar level , which features anteriorly the suprasellar cistern and its contents.
Air is an inadequate contrast agent for CT for the demonstration of the surface features of the brain stem because of partial fil ling of the cisterns and meniscus formation that prec lud es a detailed outline. Metrizamide, however, with careful technique, fills the fourth ventricle and subarachnoid space both infra-and supratentorially. High-resolution scanning using primary reconstruction, and thin tomographic sections of no more than 5 mm are a necessity for metrizamide CT. Consecutive scans should not be spaced more than 5 mm apart if all the features of the brain stem are to be evaluated. The demonstration of the various grooves and protuberances on the surface of the brain stem provides a unique opportunity for evaluating focal atrophy and focal swelling henceforth impossible to visualize consistently.
